ABSTRACT. To evaluate the immunofluorescent antibody (IFA) test and enzyme-linked immunosorbent assay (ELISA) for detecting the porcine reproductive and respiratory syndrome virus (PRRSV) antibody, conventional pigs in PRRSV-positive and -negative commerci al farms were examined. Antibody development patterns in ELISA and IFA tests were compared in 3 week old piglets experimentally infected with the PRRSV. The virus was detected from 2 days post infection (PI) and then the antibody titers and S/P ratios rose by both methods. A total of 208 serum samples were collected from 4 PRRSV-negative farms and 210 samples from PRRSV-positive farms, and were tested for the PRRSV antibody by IFA and ELISA. The titer of 64 should be set as the cut-off point in IFA for field sera. Similarly, the cut-off S/P ratio should be set at 0.4 in ELISA. A high degree of correlation was observed between antibody titers by the two methods in these 418 samples, with a correlation coefficient of 0.84. The coincidence rate between the two tests was 84.7% (354/418). In non-coincident cases, ELISA was able to detect the antibody with a low titer in the serum samples which were negative in IFA but from PRRSV positive farms. ELISA was more sensitive than IFA to detect PRRSV infected animals or farms.
Since porcine reproductive and respiratory syndrome (PRRS) was first reported in 1991 [24] , the high prevalence rate of PRRS has been demonstrated worldwide [3, 5, 9, 17] . This has caused serious economic loss to pig farming industries due to the decreased growth rate of weaning piglets and the reproduction abnormalities [18, 19] . In Japan, PRRS has been reported since 1993 [15, 20] and the reported data show a high prevalence rate [2] . In many commercial farms in the world, some endemic respiratory diseases cause a mixed infection called porcine respiratory disease complex (PRDC), and PRRS is one of the most basic parts of PRDC [4, 21] . When monitoring such an endemic disease in order to build health program, it is very important to know the stage at which infection starts and at which PRRS becomes severe. Therefore a highly sensitive and specific assay is needed. The IFA, the immunoperoxidase monolyer assay (IPMA), the virus neutralization test (VNT), and the haemaglutination inhibition test (HI) have been reported as antibody assays of PRRS virus (PRRSV) [1, 7, 8, 13, 23, 27, 29] . IFA has been most frequently used for PRRS in Japan. Recently, however, the ELISA has been developed and has increasingly displaced the IFA for diagnostic assay because of its simple protocol and high sensitivity [6, 11, 22, 30] . The judgement of the ELISA results was analyzed in gnotobiotic pigs experimentally infected with the PRRSV and a cut-off point was set at an S/P ratio of 0.4 [30] . However, conventional pigs reared at commercial farms often show a non-specific reaction in serological tests due to the antigenic stimuli of various microorganisms. Therefore, prior to application of ELISA for field survey, sera from field pigs should be examined to determine the cut-off point in comparison with IFA results.
In this study, we evaluated IFA and ELISA for detecting the PRRSV antibody in experimentally infected pigs and conventional pigs from commercial farms. PRRSV antibody titers were tested by both tests in pig sera from positive and negative farms. Distribution patterns of antibody titers were compared between the two groups of samples from negative and positive farms. From those results, cut-off values for IFA and ELISA in the field situation were determined and applicabilities of the two tests were discussed.
MATERIALS AND METHODS
Experimental infection: PRRSV strains S-1 and S-30 were used for the experimental infection of pigs. These strains were isolated from the sera of field pigs at the acute stage of PRRSV infection in July 1993, using swine alveolar macrophage (SAM) cells [25] . Four healthy piglets reared at a conventional farm were transferred to an isolation facility and used for experimental infection at 21 to 25 days old. Each piglet received 5 ml of 10 4.5 TCID 50 /ml of the S-1 strain or S-30 strain intranasally. One pig (No.1) received the S-30 strain and two pigs (Nos. 2 and 3) the S-1 strain. One pig (No. 4) served as a non-infection control. After virus inoculation, each animal was reared separately and observed every day for clinical signs such as vigor, appetite and abnormal respiration. Blood was collected from ani-mals at 2, 5, 8, 14 and 22 days post infection (PI). Sera were subjected for virus isolation and antibody testing by IFA and ELISA. Virus isolation proceeded using SAM as described by Yoon et al. [26] .
Field serum samples: Serum samples of 418 individuals were collected from 12 pig farms from December 1994 to July 1998. These sera were classified into 2 groups ; one group (208 sera) from 4 negative farms and the other (210 sera) from 8 positive farms. At the negative farms, none of the animals showed the antibodies either by IFA (titer ≥64) or by ELISA (S/P ratio ≥0.4) during the 3 years survey. And at these negative farms, any clinical PRRS symptoms were never seen during this period. At the positive farms, some animals had the antibodies by IFA (titer ≥64). This tentative cut-off point of IFA (titer of 64) was referred to Yoon et al. [27] . They speculated that IFA cut-off titer might be set at 64, when conventional pigs were tested. And ELISA tentative cut-off value was set at 0.4, which was recommended in the manufacture's instructions, and was examined using sera from pigs in high health status.
Immunofluorescent antibody test (IFA): SAM cells used in IFA were collected from three to six weeks old Landrace pigs in PRRSV free SPF farms, and were not detected any viruses showing CPE in SAM cells nor any bacteria contamination. These SAM cells were seeded in a 6-well plastic microplate (Iwaki Glass, Japan) with 2.0 × 10 6 cells/well and each well was inoculated with the PRRSV S-1 strain at 10 4 TCID 50 /well. After incubation at 37°C for 1 hr, each well received 5 ml of RPMI1641 medium containing 5% fetal calf serum (FCS) and the plate was incubated in a 5% CO 2 incubator. After 48 to 60 hr of incubation, SAM cells showing 30% CPE were collected by centrifugation and resuspended at 3.0 × 10 5 cells/ml in phosphate buffered saline (PBS). The cell suspension was added to each well (0.01 ml/well) of 24 well slide glasses. After air-drying, the antigen slide was fixed in methanol for 20 min and stored at -20°C. SAM cells without virus infection were similarly treated and used as an antigen negative control.
IFA was performed according to the procedure described by Yoon et al. [27] . Briefly, the test sera were heat-inactivated at 56°C for 30 min, and were then diluted serially 4-fold from 1:16 to 1:1,024 in PBS. Only the serum of the 1:16 dilution series reacted with antigen negative slides. The reciprocal of highest serum dilution showing specific intracytoplasmic fluorescence was defined as the antibody titer of the serum. A serum sample showing positive fluorescence at 1:16 dilution against negative antigen was excluded as judgment impossible from the analysis due to the non-specific reaction.
ELISA procedure: ELISA for PRRSV was carried out, using a commercially available kit (IDEXX, U.S.A.). The assay procedure was followed by the manufacture's instructions. Each sample was judged according to the S/P. S/P ratio calculation formula : S/P = [(absorbance value of sample in PRRS well) -(absorbance value of sample in NHC well)]/[(mean absorbance value of PC in PRRS well) -(mean absorbance value of PC in NHC well)] PC : positive serum control NHC : normal host cell Evaluation of non-coincident cases: Out of the sera showed non-coincident results in IFA and ELISA, available samples were tested by VNT and examined for PRRSV gene by the reverse transcription-polymerase chain reaction (RT-PCR) to evaluate which result is reliable. VNT was carried out according to the procedure of Takikawa et al. [23] . RT-PCR was also performed by the method of Kono et al. [14] .
RESULTS
Experimental infection: For comparison of antibody development patterns in ELISA and IFA, the sera were obtained consecutively from experimentally infected pigs and utilized for virus detections and antibody assays. The infected pigs showed only a mild abdominal type of respiration disorder and a decrease of feed intake, although field strains from pigs with severe respiratory symptoms were used for the experimental infection. The viruses were detected from the sera of the animals at 2 days PI and thereafter, indicating the establishment of infection (Table 1) .
IFA and ELISA antibodies were examined in the consecutive sera from infected pigs ( Table 2 ). The IFA antibody titers were ≤16 in non-infected control pigs, but the titers rose ≥64 in infected animals at 8 to 14 days PI. ELISA antibody S/P ratios were 0.101 or lower in non-infected animals during the observation period. The S/P ratios of infected animals were > 0.2 in all the sera at 8 days PI and increased to 0.834 and 2.402 at 14 and 22 days PI, respectively.
Distribution of IFA titer and ELISA S/P ratio in the sera 
of field animals: The sera from two groups of pigs, one from negative farms and the other from positive farms were tested for the PRRSV antibody by IFA and ELISA. In the negative farms, none of pigs tested during a 3 year period showed antibodies either by IFA (titer ≥64) or by ELISA (S/P ratio ≥0.4). The distribution of the IFA antibody titers in the sera from positive and negative farms are shown separately (Fig.  1) . The titers of the negative farm animals showed one peak at a titer of <16, while the titers of the positive farm animals formed one peak at a titer of 64. When the titer of 16 was set as a cut-off titer, the 64 samples from the negative farms were judged as false positive. Therefore, a titer of 64 should be set as a cut-off point in IFA for field sera. The same sera collected from the negative and positive farms were also examined by ELISA. The S/P ratios were shown separately for negative and positive farms (Fig. 2) . Almost all negative farm samples (159/161, 98.8%) showed a S/P ratio <0.4. Positive farm samples formed a peak at the ratio of 0.8 to <1.2 with the highest ratio at 3.690. From these results, the cut-off point of ELISA for field samples may be set at a ratio of 0.4, which was at the bottom between the two peaks. The cut-off ratio corresponded with the value indicated in the kit which was determined in experimental infection using gnotobiotic pigs.
Correlation of IFA and ELISA results:
The correlation between the IFA titer and the ELISA S/P ratio of the field sera was examined (Fig. 3) . Antibody values of the two tests distributed with nearly linear regression. The correlation coefficient between the two tests was 0.84. From the above results, cut-off values were determined finally at a titer of 64 for IFA and an S/P ratio of 0.4 for ELISA. The coincidence rate between both tests was 84.7% (354 of 418) ( Table 3) . Non-coincident results were found in 64 samples, of which 63 were IFA negative and ELISA positive ( Table  3) . Out of the 63 samples, 61(96.8%) samples were from positive farms and 2 (3.2%) samples from negative farms ( Table 4) .
Evaluation of non-coincident cases: Out of the 64 sera showed non-coincident results in IFA and ELISA, available 12 samples were tested by VNT and examined for PRRSV gene by RT-PCR (Table 5) . Of the 12 samples, 10 samples were IFA negative and ELISA positive from one positive farm (group 1). One sample was IFA negative and ELISA positive from one negative farm (group 2). And last one sample was IFA positive and ELISA negative from one positive farm (group 3).
All of the 10 samples of group 1 was VNT positive or RT-PCR positive. But two samples of group 2 and 3 were negative by the both methods. These results supported the ELISA data in the 10 samples of group 1 and one sample of group 3. In the sample of group 2, a negative result of IFA was supported.
DISCUSSION
In this study, we compared IFA and ELISA as serological diagnostic tests for PRRSV infection of pigs both in experimental infection and field situation. In the experimental infection, viremia was detected at 2 days PI and thereafter, showing the establishment of the infection. The result corresponded with the previous reports [28] . Antibody development patterns were almost the same in IFA and ELISA.
In the non-infected control pig, IFA titer was 16 at 14 days PI. But this titer seemed non-specific reaction, because it was not observed any clinical symptoms, and not detected PRRSV from the sera of this pig. A cut-off value for the positive PRRSV ELISA antibody could be set at S/P ratio of 0.4 in the field situation due to the following, 1) ELISA antibodies distributed in two peaks with a S/P ratio of 0.4 to <0.8 at the bottom, 2) most of the negative farm animals (98.8%, 159/161) showed a S/P ratio <0.4. The ELISA criteria made it possible to reduce both the false positive and negative samples to a minimum number. In contrast, the IFA antibody titer distributed in the overlapping patterns of positive and negative farms. The cut-off point of IFA was set at an antibody titer of 64, which generated a large number of false negative samples. If the cut-off point were to be set at 16, the false positive samples would increase.
Results in IFA and ELISA were not coincident in 64 samples of which 63 were ELISA positive and IFA negative. Of the 63 samples, 61 were from PRRSV positive farms. Available 10 samples from the 61 sera were tested by VNT and RT-PCR, and all 10 samples was positive either by VNT or RT-PCR. These results suggested that the most of samples of ELISA positive and IFA negative were false negative in IFA. And the sample of ELISA negative and IFA positive was negative by VNT and RT-PCR. This case seemed to be false positive in IFA. In the negative farm, the case seemed false positive in ELISA was observed, but this was a very rare case. Takikawa et al. [22] reported it was observed many non-coincident cases of ELISA positive and IFA negative, and speculated these cases were false negative in IFA. In this study, it could be clear that many of such non-coincident cases were observed in PRRSV positive farms, and high rate of these cases were PRRSV positive as the judgement of ELISA.
From the results listed above, ELISA seems to be more sensitive than IFA for detecting the PRRSV antibody in a field situation. One reason for this might be due to the fact that the cut-off titer for IFA was set at 64, resulting in the increase of false negative samples. The other reason might be due to the difference of antigen preparation procedures in both tests. The antigen for IFA was prepared by fixing PRRSV infected SAM cells. The amount of viral antigen in fixed SAM cells was restricted up to the highest limit of 10 4.5 TCID 50 /ml. However, ELISA incorporates antigen of liquid state in which the concentration of antigen can be increased to the optimum.
A difference in the virus strains used in both tests might have influenced to the sensitivities of the tests. The PRRSV strains were classified into two types, U.S.type and Lelystad (E.U.) type [12, 16] . Two virus strains of U.S. and Lelystad types were used as the mixture of antigen for ELISA, but only S-1 strain of U.S. type was used in IFA. False negative samples in IFA might have on antibody to the Lelystad type strain.
In the screening conventional farms for PRRSV by serological test in an endemic region such as Japan, the false negative samples should be at the least level in order to find exact onset time of infection, and segregate PRRSV-negative piglets from the infected group. For this purpose, ELISA was suggested to be a better serological test than IFA. The correlation of IFA and ELISA (Fig. 3, Tables 3,4 and 5) showed that ELISA was able to detect a PRRSV anti- body of low titer not detectable by IFA. It was recommended to segregate non-infected weaning group from the elder infected group to prevent the spread of PRRSV. Nursery depopulation and multiple site production system were designed for this purpose [10] . However, the varying onset time of infection makes a PRRSV control programs of the segregated production system very difficult. Due to its good sensitivity, ELISA may be useful in a control program by determining the time for the onset time of infection and enables to differentiate PRRSV-negative andinfected piglets efficiently. 
